Abstract -One of the key purposes of Business Process Model and Notation (BPMN) is to support graphical representation of the process model. However, such models have a lack of support for the graphical representation of resources, whose processes are used during simulation or execution of process instance. The paper analyzes different methods and their extensions for resource modeling. Further, this article presents a selected set of resource properties that are relevant for resource modeling. The paper proposes an approach that explains how to use the selected set of resource properties for extension of process modeling using BPMN and simulation tools. They are based on BPMN, where business process instances use resources in a concurrency manner.
I. INTRODUCTION
The aim of BPMN is to support easily understandable models, define and graphically represent business processes [2] , [8] , [16] and [22] . BPMN represents business process control logic and workflow [21] . However, in order to simulate the BPMN model, first, it has to encounter various restrictions of this notation. Usually, restrictions are concerned with the lack of support for representation of resources and implementation of business process in information systems. In addition, BPMN model simulations do not support concurrent use of the resources and it is not possible to graphically distinguish the independent processes and embedded processes [8] , [17] and [22] .
BPMN stands for a business process modeling language, which has become the default for modeling business process flow and Web services [4] , [6] , [7] and [21] . Web services are usually used for integrations of information systems or the automation of information processing activities. The activities, which cannot be automated or implemented as Web services in information systems, are excluded from such a business process model. Consequently, the real resources are irrelevant for such models, and resources are not represented. However, BPMN is used for modeling the real business processes with all process activities. In addition, such BPMN models try to simulate the tools based on BPMN, but in this case the simulation is insufficient. Model for business process simulation should include all activities of real business processes. Therefore, such a model needs more details of business process, e.g., duration activities, used resources, executed instances of the process, limitation of the resources or concurrent usage of resources. Therefore, BPMN needs an extension to support business process simulation.
The aspect of resources is critical in the business process simulation. Each of the resources is associated with an activity, which is indicated in the processes. Resources perform the work related to the following resources [4] . There are no business processes without resources. Business process needs to have described resources and workflow in order to be simulated. It is necessary to ensure that various activities use necessary resources or activities, which are carried out by the necessary resources (examples: personnel, worker, and equipment). Excessive activity automation and poorly planned distribution of work are critical moments of projects, which are based on a workflow [16] . Therefore, it is necessary to indicate resources for both: the business level and information (technical) level. BPMN 2.0 allows assigning resources, but does not allow for graphical representation of resources in a way that can be understood by non-experts [8] , [16] .
There are some other aspects that are necessary for business process simulation [19] . The simulation requires a more detailed business process analysis, investigation in the duration of activities and incoming workflow, which is not described in the standard business process model. It is necessary to investigate the duration of the activity and to explore a workflow. Activities of programmatically submitted simulation models need to be represented as processes with certain parameters, resources, attributes, and relationships. It must contain all relevant information about the activities because simulation is a representation of the mathematical calculations to a certain level. It requires the simulation engine and tool or software code, which can use this engine in order to simulate the model. This paper analyzes the suitability of BPMN for modeling and simulating business processes with a particular emphasis on the resource aspect. This paper also analyzes the methods that allow proceeding the modeling of resources with BPMN based tools. It presents the evaluation of resource modeling in the business processes, highlighting the drawbacks of BPMN, when BPMN is used for business process modeling and simulation. Finally, the paper presents significant properties for resource modeling and proposes a method for resource modeling in BPMN models.
The structure of this paper is as follows: Section II is devoted to related work, Section III estimates the methods that allow modeling resources, and Section IV is a proposal of a method. doi: 10.1515/acss-2014-0009 II. RELATED WORK Business process is a workflow lined up in logical order that creates a beneficial outcome for a recipient. Simulation execution and evaluation are known as business process management [6] , [24] . Business process models are designed in order to represent and simulate the real process on the computer. Usually, the experts of the business domain area create business process models. These models are the starting point for software developers, who create these models by the original application system implementation [5] , [17] and [24] .
BPMN language is a graphical modeling notation widely used for modeling business processes in organizations [15] , [11] . This notation is focused on process sequences [11] . A particular action or set of actions with certain resources are displayed graphically using an item called Swimlanes in the BPMN notation. This element presents the participants of the process. A participant may be a specific business entity or a general business rule. Resources are not necessarily allocated during the design in this notation. One of the major drawbacks of this notation is the lack of ability to model the resources [6] , [8] .
The author of the paper [21] suggests that the BPMN element called Swimlanes should be portrayed as the role and that each of these elements represents a certain role. However, while using such a method, business process model complicates a number of activities.
Other popular process modeling methods are IDEF0 and IDEF3. These languages originate from IDEF (Integration Definition). IDEF is a set of modeling languages in the field of systems and software engineering. IDEF0 was designed for creating a function model of a new or existing system of application domain. IDEF3 Process Description Capture Method is a method for creating a dynamic model of the system [3] .
There are some approaches that are used for business process simulation. Montevechi et al. [10] proposed a technique for conceptual modeling called IDEF-SIM by adapting IDEF0 and IDEF3. In addition, IDEF-SIM uses symbols from IDEF0, IDEF3 and flow-chart, yet within a logic that reflects the simulation and is similar to the logic used in discrete event simulation. Jeong [9] proposes another approach, which is based on IDEF0 and IDEF3 as well. These models were used in the requirement collection phase. Then the authors proposed creating IDEF1X-based data model and this model became a knowledge base for simulation model development. Summarizing, IDEF based simulation approaches use IDEF models to capture requirements. After that, the authors propose creating a simulation model using another language and IDEF models for validation and verification of simulation model. However, the purpose of this paper is not the deep review of business process simulation based on IDEF, but the paper presents a review of approaches to modeling resources using BPMN extensions.
The paradigm of business process management systems is developed for business process modeling based on the workflow concept [1] . This conception becomes de-facto standard and usually consists of three perspectives:  Perspective of control flow describes the logical order of a task. It represents an aspect of process control. There are six main groups of patterns that represent the perspective of control flow: basic control flow, advanced branching and synchronization, structural, multiple instances, state based, and cancellation [14] , [22] ;  Perspective of data flow describes the exchange of information between tasks. This perspective focuses on identifying and defining generic constructs for representation and handling data within process aware information systems. There are four groups of patterns that represent the perspective of data flow: data visibility, data interaction, data transfer, and data-based routing [23] , [13] .  The perspective of resources describes the initiator of a task. This perspective focuses on the manner, in which work is distributed amongst and managed by the resources in a process-aware information system (PAIS). There are seven groups of patterns that represent the perspective of resources: creation, push, pull, detour, auto-start, visibility, and multiple resource [23] , [12] . Business process modeling is only the first step in optimizing business processes. One of process model goals is to describe how business must, have, or can be made. Such an analysis helps to avoid the errors of the process design. Later on, these models are used in improvement programs of business processes. These models help to improve communication between business members and the developers of information systems, understand and transform the business and define situations and their consequences. Apart from that, the models help to evaluate the process changes before they are implemented, to identify potential costs, resource requirements, to identify and remove inefficient process areas and to provide changes in the market. A properly constructed business process models can help to improve business performance. A process model is a possible image of how the process will look like [11] . Business process models are usually static. Thus, in order to make important decisions and assess their impact, there is a need for simulation that shows how the individual objects behave. This is useful for testing, analysis or training sessions where the real world systems may reflect the models. Rarely, after a number of changes and assessment of their impact and real solutions, the cost can still be high for the best solutions of overall organizational success. The model usually reflects some aspects of this phenomenon. Many organizations try to use business process models to analyze their business processes in some states [2] , [8] .
The simulation is not sufficiently developed for the usage, as there is an important step in the business process management approach. The main idea of the simulation is that the model has to be executed several times repeatedly. This process is done to obtain more than one value, resulting in the range of values [20] . Usually the beginning of the simulation starts with filling business process model up with data. Once it is filled with data, the calculations would start. The simulation is rarely used in business decision-making; however, it is often applied to analyze the initial business process model. While many organizations try to use the simulation to analyze the changes in the business, only a few organizations use the simulation effectively. This situation occurs due to the fact that the development of simulation and supervision is a timeconsuming process. Often the simulation results may not correspond to the reality. Moreover, the organizations have a need to deal with issues that are relevant to the present time rather than abstract future problems [6] , [18] .
The business process models are often excluded from the simulation in the current modeling and simulation tools. Models and simulations are often being developed separately. Most of the simulation tools provide only the number of resources used. It is also common that organizations model resources incorrectly in the business process models and simulations. The problematic areas regarding a couple of the main resource modeling cases are identified below [18] :
• Some of the resources are involved in the several processes, such as human resources are often involved in multiple processes. However, business process simulation focuses only on a single process. For example, specific human resource is involved in ten different processes and each spends about 20% of their time. In most cases, it is not possible to simulate the situation with simulation tools. Therefore, simulation models consider that the resources are available all the time and have very little use. In this case, the simulation results are very inaccurate. Highly advanced simulation tools allow indicating that the resource is used at a given time. However, it is also the wrong abstraction for assigning resources in work processes in accordance with the priorities and workloads. In this case, the simulation results can also be inaccurate.
• The resources are involved in two or more instances of the ongoing (executing) process. This fact is important when resource carries out some activities. The resource is used at the same time in several activities of the same business process instance. Usually, business process simulation tools do not simulate such situations.
• When the resources do not work at a constant speed, e.g., human resources work at different speeds depending on the workload. Currently, there are no simulation tools that would allow modeling business process execution time, which is dependent on workload.
• Resources (for example, humans) decide themselves how to carry out the process.
• Some of the resources only work part-time. For example, human resources tend to work part of their time in a single process or to work in groups. Resources are not available or are available in most simulation tools. If the resources are available, they wait for work and they begin to work on the first occurrence of the process.
• When the process may change depending on the context. Most of the simulation tools consider that the processes are stable and do not change over time. If the flow of time is too long the resources may decide to skip certain activities or to use additional resources.
• Mentioned resource modeling problems show that the simulation results can be a significant deviation from the real world processes. The simulation model should have an appropriate level of details, and the addition of more information does not always solve the problem.
• Often, a business process has the limitation of resources, and, as a result, the concurrency may appear. A concurrency can be found in business, when two or more jobs (processes) are executed simultaneously, potentially interacting with each other when using the same resources [19] .
Business process models and simulation resources are used when the system performs the entity. Resources include fixed equipment, mobile equipment, containers, personnel, supplies used and any other technical and material supplies that are needed to process an essence. The resources are divided into human and technical ones. They are also divided into quantitative, schedule availability, size, price, and cost management. Resource modeling describes employed or utilized resources in the business process. The resource modeling describes the usage of resources.
III. RESOURCE MODELING TECHNIQUES AND THEIR EVALUATION
This section analyzes the resource modeling with BPMN tools and proposed extensions. There is a table that shows specific properties in the selected tool or extension (Table I) . Table I shows a set of resource properties:
• Graphical representation -considering the proposed extension, tool has the ability to graphically display resources.
• Duration parameter of resources -considering the proposed extension, tool has the ability to specify the 1 www.bonitasoft.com 2 www.omg.org 3 www.BPSim.org 4 www.igrafx.com/gl parameters that specify the time when the resource is available (range when it is available).
• Resource priority -it is used to indicate the resource priority that shows activities in which participation is important. This property also considers which activity is more important and which one should be performed first.
• Cost of resource usage -considering the proposed extension, tool has the ability to specify a parameter that indicates estimated resource utilization costs. The cost of the resource could be the price for usage or the price per time unit (for example, 10 Euro per hour).
• Roles -this resource can be assigned to one or several roles. One resource could have several roles.
• Structure [16] -refers to the characterization and classification of resources. The characterization describes different features of the resources, and the classification describes the association of resources with a concept. For example, classification can be a functional (roles) or organizational (organizational units).
• Quantity -considering the proposed extension, the tool has the ability to specify a certain quantity of a specific resource. The quantity is especially significant during simulation of process because almost all resources are in business. The fact that the resource is wasted has to be emphasized.
• Availability parameters -it considers the original state of the resource if the resource is available. It is important during the process of simulation. The activity that uses the resource should mark that the resource is unavailable. This parameter can be Boolean. However, the availability is not always important if the resources are unlimited.
• Concurrency -shows that the resource can be used concurrently. For example, the resource can be used concurrently of two or more ongoing business processes at the same time. This property is significant during the process simulation.
According to these properties, six extensions and tools have been revieved that are further discussed in this section.
BonitaSoft -is open source business process management software. It has three main components:
 Bonita Studio, which allows the modeling of business processes in BPMN standard;  Bonita BPMN engine, which is written in the Java programming language;  Bonita website -this tool has the ability to specify the time and quantity parameters. It has also the ability to assign a certain level or resource roles. The simulation tool of BonitaSoft allows specifying resources for the business process. BonitaSoft model is based on BPMN. However, this tool cannot represent resources graphically in the process model or define the resource model separately from the business process. This tool provides standard forms to specify resources. BonitaSoft allows specifying the availability of resources. The tool allows specifying available quantity, target quantity, resource cost parameters such as cost unit, and cost per use or time cost (cost per minute, hour and day).
BPMN -this is a graphical notation intended to model business processes. This notation has four graphics categories. The first category consists of flow objects: activities, events, and gateways. The second category consists of connection objects: sequence flow, message flow, and association. The third category -swimlanes: a pool and a line. The last group is artefacts: data objects, groups, and annotations. BPMN allows defining business processes graphically. It also allows specifying roles using a pool and a line. These objects are used to specify resources graphically in some way. However, BPMN has the limitation: by using a pool and a line one cannot specify the resource quantity or it is difficult to represent many resources that are used in one task of business process. If one task uses more than one resource, then the pool and lines should be represented for all resources. Apart from that, some information resources can be presented using data objects that are input or output of a task.
Stroppi et al. [16] -is BPMN 2.0 extension for modeling of resources. This approach extends the BPMN meta-model, so that the comment element should be able to present not only comments, but also the resources and some information related to resources. This proposed method allows specifying the roles of resources, resource priority and even suggests graphical representation. This approach also proposes an extension for definition of resource structure. The resource structure is defined in a separated diagram. This extension suggests displaying resources using comment artefact in BPMN diagram. Further, this extension is used for process execution and for converting execution languages to other business processes like BPEL4People. However, the method should be extended for usage in the simulation.
BPSim (Business Process Simulation) [25] -is proposed for the business process simulation specification. BPSim provides a framework or a standardized specification for capturing business process models while using BPMN or XPDL. BPSim defines the parameterization and interchange of process analysis data that allows structural and capacity analysis of process models. The BPSim framework distinguishes a resource parameter class. This class defines availability, quantity, selection and role parameters. In addition, it is distinguished by a cost parameter class. However, this class is not related to resource and the cost should also be defined for the use of resources. The selection parameter is a property for selecting the desired resource and it is similar to a priority parameter. However, this framework does not define how to represent resources in the business process model.
The method proposed by Großkopf [7] is an extension, which displays certain resource attributes. This approach particularly focuses on the role of resource definition. The comment element is converted to the element, which represents a specific number of parameters of resources. This extension offers a graphic representation and the way to assign the roles. However, these roles are task or activity performers. The approach does not deal with other resource types. The method does not define the quantity or cost of resources; it does not also define availability for the resource.
iGrafx is a complete and easy to use process analysis and simulation tool that is specifically designed to help Six Sigma professionals to better understand and improve the process diagrams. This tool offers process design, analysis, and optimization and management capabilities. iGrafx allows modeling resources and assigning them to process activities. There is a worker tab, which allows manipulating the resources. However, the simulation with iGrafx does not use BPMN. Instead of BPMN iGrafx uses its own notation that is similar to BPMN. iGrafx notation represents resources by using swimlines and pools. It could be assigned by various parameters of resources, like time and cost. Availability parameter could be defined only as a percentage value and cannot be changed or influenced during simulation. The definition of resource roles is also limited, since resources cannot be assigned to different roles. Apart from that, the priority of resources cannot be defined.
IV. PROPOSED METHOD FOR RESOURCE MODELING
According to results (Table I) , it is safe to state that there is not a suitable way to model resources and adequate graphical representation. Therefore, this article suggests a method, which attempts to collect advantages from each analyzed method and adapt these advantages to the reviewed approaches.
We propose creating a graphic element such as BPMN "comment". This new element should have new functionality that is designed to model resources. The element must have attribute, whose value can be selected from a drop-down list. Drop-down list contains names of the existing resources of the business process. Collapsed display represents only selected resource name (Fig. 1) .
The expanded element would show all information that is related to a specific selected resource (Fig. 2) .
Stroppi et al. [16] have proposed the visualization method, and this paper proposes expanding functionality, attributes, and parameters. Moreover, instead of having to use a comment element directly, we propose creating a duplicate of this element and modifying it to apply the new functionality. It is planned to implement the proposed method using a practical way in the Bonitasoft software. We have created an example of business process by adapting the method suggested (Fig. 3) . The proposed approach helps better understand the process that is designed for simulation. Process visualization is one of Fig. 3 . Business process example with the proposed method (resource elements are expanded). the key factors in understanding the business process. This approach allows visualizing the process with resources and their parameters, such as cost quantity, priority and others. We propose two ways for visualization. The first way is only a resource name related to an activity without resource details (it is shown in Fig. 1 ). This way is more suitable for business people and it is not very overloaded. The second way is visualized resources with details (it is shown in Fig. 2 and Fig. 3 ). This way is most suitable for developers. However, the disadvantage of this method is that the model could be very complicated and difficult to understand.
We do not find an approach that could visualize all resource parameters. Despite that, there is not an approach that takes into account and could model all aspects of the resource. This approach could be implemented in business process simulation tools using a business process simulation metamodel of BPSim framework. This approach also takes into account the resource concurrency that is important when resources are limited.
V. CONCLUSION AND FUTURE WORK
BPMN language is not sufficiently adapted to model the resources. Resources are the important aspects of business process simulation. It can be checked only the workflow logic without aspect of resources using only BPMN model. The modeling of a resource aspect gives an opportunity to simulate the real world processes without performing the process in reality. In this way, there is a way to get the results and adapt them to the optimization and improvement of a real process.
The authors of the paper have selected and assessed methods and tools related to the BPMN modeling and simulation based on resource properties. It can be seen from the presented evaluations that there does not exist tool or method that allows one to model resources, provides the ability to specify particular settings and has a graphical notation.
The method proposed by Stroppi et al. [16] is one of the best ways from analyzed approaches to model resources in the graphical way. The method has been used as a foundation. The authors of this paper have proposed some changes that would broaden and give an opportunity to depict the resources with detailed information.
The proposed method has several interconnected advantages in comparison with existing methods and tools. The method offers to graphically display resources with essential parameters of resources like role of resource, availability, cost, duration, cost, quantity and concurrency. These improvements helps better understand the process that is designed for simulation.
Bonitasoft tool is an open source tool and is freely available to everyone. Apart from that, the source code is available. We have compiled the Bonitasoft source code and made the first changes in the source code. Further, we are planning the practical implementation of the proposed method by modifying the Bonita source code and developing a business process model for testing purposes.
